
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































b Nj+ℓ+1 = E(Nj+ℓ+1 | Fj)
 
 












  Fj = σ(N0,...,Nj)













































































































































































































































































































































































































































































































































































































































































































































































































































































  b Sj+ℓ+1
 
 





















  S0 +     + Sj
 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































L(γ) = Ee −γM =
∞ X
m=0











































































θj =  
j X
d=0




































































































































































































































  EM < ∞
 
 






































  E(Sj+1 | N0 = n0,...,Nj = nj) =  pj+1 EX11 Rn0+   +nj(θj),
n0,...,nj = 0,1,...


























  var(M) < ∞
 
 
























































































































  var(M) < ∞
 
 







































































  var(Sj+1 | N0 = n0,...,Nj = nj) = E(X2
11) pj+1 Rn0+   +nj(θj)
+(EX11  pj+1)2 Rn0+   +nj(θj)
￿



















  ℓj = n0 +     + nj






























E(Sj+1 | N0 = n0,...,Nj = nj)
= E(Sj+1 | N0 = ℓ0,N0 + N1 = ℓ1,...,N0 +     + Nj = ℓj)


















E(S0 +     + Sj+1 | N0 +     + Nj = ℓj)























































































































































































































































































































































































































































































































































































































































































  m,j = 0,1,...
 
 
  n0,...,nj = 0,1,...
 




















































































  j ≥ 0
 




























E(M | N0 = n0,...,Nj = nj) =
P∞




r=0 qre −r θj r
Pj
d=0 nd



























































































































































































































  var(Sj+1 | Fj) = E(X2
11)E(Nj+1 | Fj)






















































































































































(Sj+1 − b Sj+1)2
￿
= E [var(Sj+1 | Fj)]
= E(X2
11)ENj+1 + (EX11 pj+1)2
h




































































































E[(Sj+1 − b Sj+1)2] ≤ E(X2

























































































































= (EX11 pj+1)2 E
￿
























































































qm e −mθj mk
#
X















































































































































































  b Sj+ℓ+1








































































  EM < ∞
 
 


































E(Sj+ℓ+1 | N0 = n0,...,Nj = nj) = EX11  pj+ℓ+1Rn0+   +nj(θj),

























  var(M) < ∞
 
 



















































































  var(M) < ∞
 
 

















































var(Sj+ℓ+1 | N0 = n0,...,Nj = nj)
= E(X2
11) pj+ℓ+1 Rn0+   +nj(θj)
+(EX11 pj+ℓ+1)2 Rn0+   +nj(θj)
￿




































  ℓ ≥ 0
 






















































































































































= E(var(Sj+ℓ+1 | Fj+ℓ) | Fj) + var(E(Sj+ℓ+1 | Fj+ℓ) | Fj)
= E(X2
11) b Nj+ℓ+1 + (EX11 pj+ℓ+1)2 E(var(M | Fj+ℓ) | Fj)
+(EX11 pj+ℓ+1)2 var(E(M | Fj+ℓ) | Fj)
= E(X2
























































































































(Sj+ℓ+1 − b Sj+ℓ+1)2
i
= E [var(Sj+ℓ+1 | Fj)]
= E(X2








































































































































































































































































































































































































































































































































































































































































  var(M) < ∞
 
 

















































E((Sj+1 − b Sj+1)2) = EM
￿
E(X2
11) pj+1 + cov(X11,X12)( pj+1)2￿
+(EX11 pj+1)2E(M2) − E(b S2




















































































11) pj+1 + cov(X11,X12)( pj+1)2￿
Rn0+   +nj(θj)
+(EX11 pj+1)2Rn0+   +nj(θj)
￿























































































































































































































































































































  E(X11X12) = E(X1kX1l)
 
 


















var(Sj+1 | N0,...,Nj,M) = M
￿
E(X2












var(Sj+1 | Fj) = E(M | Fj)
￿
E(X2
11) pj+1 + cov(X11,X12)( pj+1)2￿









































E[(Sj+1 − b Sj+1)2] = EM
￿
E(X2
11) pj+1 + cov(X11,X12)( pj+1)2￿


















































































































































































































































































































































































































































  a = 0























  a < 0, a = −p/(1−p)
  b = −a(n+1)
 
 
  p ∈ (0,1)




















































v + m − 1
m
￿





  0 < a = 1 − p



































































































e −γ m (m + 1)l qm + be −γ
∞ X
m=0














































  (−1)lL(l)(γ) =
e −γ








































































































































































































































  a = 0








L(γ) = e −b(1−e −γ) , γ ≥ 0,




















  a = −p/(1 − p)
  b = p(n + 1)/(1 − p)
  n = 1,2,...
 
 










  l ≥ 1
 
L(γ) = (1 − p(1 − e −γ))n , γ ≥ 0,
(−1)lL(l)(γ) =
pe −γ









































  a = 1 − p
  b = (1 − p)(v − 1)
  p ∈ (0,1)
 
 















1 − (1 − p)e −γ
￿v
, γ ≥ 0,
(−1)lL(l)(γ) =
(1 − p)e −γ
























































































































H0(x) = 1, Hn(x) = −x[H′









































































































































































































  k ≥ 0
 
 


















































































































































































































































































































































































































































































































































































































































































E(Sj+ℓ+1 | N0 = n0,...,Nj = nj)





























































































































































































































































































































































































































































































































































  qm > 0
 
 































































































mk qm e −γ m





















  m > k(1 + ǫ)/(γ + τ)
 
(m + 1)k e −(m+1)γ
mk e −mγ = e −γ ￿
1 + m−1￿k
≤ e −γ ￿￿
1 + m−1￿m￿γ+τ






































  m >






































































































qm+1 (m + 1)k e −(m+1) γ







































































































































































































￿⌈k(1 + ǫ)/(γ + τ)⌉
[k/(γ + τ)]
￿k



























































































￿k(1 + ǫ)/(γ + τ) + 1
k/(γ + τ) − 1
￿k













































































































  I3(ǫ) = o(I2(ǫ))
 


































































































































































  I11(ǫ) = o(I2(ǫ))
 


































qm+1 (m + 1)k e −(m+1) γ
























































































































  ǫ ∈ (0,1)
 
 

































































































































































































































































































  n0 +     + nj → ∞
 
E(Sj+1 | N0 = n0,...,Nj = nj) ∼
EX11  pj+1
τ + θj





















































































































































































































































































































































































































































































































  p = 0.1





































































m=1(m/n)k me −γ m qm Pn

































































  n0 +     + nj → ∞
 




































































































































































































































































































































































































































































































































































































m∗ = ⌊k/log k⌋, m+,ǫ





















































































































































  −log(1 − ǫ) > ǫ
 
 































































































































































































































































  n0 +     + nj → ∞
 
E(Sj+1 | N0 = n0,...,Nj = nj) ∼ EX11  pj+1
n0 +     + nj
log
￿






























































































































































































































































































































































































































































































































































































































γ → ∞, k = k(γ)
 
 


















































































































  m = m−(t) = ⌊t⌋
 





















































































































  k ≥ 1
 
E(Mke −γ M) = qm∗(t) (m∗(t))k e −γ m∗(t) +
X
m =m∗(t)




















































































































































































ht(m∗ − 1),ht(m∗ + 1)
￿




































mk e −γ m qm =
X
m =m∗(t)
e −γ hk/γ(m) qm


































































































aj = inf{t ≥ 0 : m∗(t) = j} =
1






































































  j = 1,2,...
 
 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Month 1 2 3 4 5 6 7 8 9 10 11 12
1 40 147 141 120 99 84 67 63 42 44 47 35
2 40 144 132 100 85 71 53 63 52 50 25
3 39 179 159 125 118 80 85 85 85 48
4 36 209 169 158 117 91 103 98 54
5 60 217 224 159 136 125 110 86
6 75 280 229 186 191 145 121
7 70 234 192 184 157 131
8 63 242 250 197 142
9 62 246 227 195




































































































































4 51 45 32
5 68 53 56 42
6 107 79 68 75 55
7 120 83 66 98 68 54
8 150 105 112 107 88 75 59
9 148 140 115 131 107 85 80 56
10 174 118 122 103 82 77 76 57 45
11 235 167 143 134 116 89 65 66 50 61





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4 −29.8 −33.0 −48.9
5 −32.9 −56.1 −33.6 −41.9
6 −2.4 −7.9 −14.8 5.9 −2.2
7 −1.8 −36.5 −33.5 17.7 −7.3 −7.6
8 6.0 −15.6 −0.5 18.2 8.9 3.3 2.2
9 0.4 7.9 3.5 21.5 25.2 13.8 17.2 5.8
10 14.1 −6.1 10.3 8.5 −6.5 11.7 18.1 1.3 0.5
11 17.1 3.2 5.4 11.7 12.2 −6.1 −13.0 −1.9 −21.6 20.6












































































































4 −13.3 −6.5 −28.4
5 −13.8 −22.0 0.7 −18.7
6 −11.2 −17.0 −17.1 11.8 −11.7
7 8.3 −21.7 −21.1 35.9 15.3 −1.4
8 14.3 −10.5 −0.2 20.8 15.2 20.1 1.7
9 −6.9 7.3 −1.4 17.4 21.5 11.9 28.8 −2.9
10 14.3 −8.3 15.4 9.0 −9.3 7.9 23.6 13.3 −3.7
11 28.0 9.5 11.0 26.6 22.6 −1.6 −9.0 7.2 −0.7 30.4
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